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THE EFFICACY OF CERTAIN SUBSTITUTED
PHENOLS AND THEIR SALTS AS FUNGI
CIDAL AGENTS'
By
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Amine addition products of polychlorophenols have formed the
subject of a large number of patents but have not been exploited to
any extent as fungicides of commerce.
We have prepared a series of various amine salts of polychloro
phenols utilizing, for the most part, pentachlorophenol. The majority
of the compounds prepared are new although a few have appeared
in the patent literature (1). A few copper compounds were also
prepared along with some interesting miscellaneous phenolics. The
more promising materials were selected and evaluated for their
mildew-proofing properties in textiles by the fungus mat method
(2) and in paint by the recently dneloped accelerated method of
Vickll1nd, ('t al (3).

PREP.-\R.-\TION Ai-JD PROPERTIES OF THE
PENTACHLOROPHENATES

A~II:\'E

Pnre pentachlorophenol was obtained by an ef ficient steam dis
tillation of the technical product and recrystallization from carbon
tetrachloride. Other phenols used were obtained commercially in a
stated purity of 98% or higher. The amines were obtained with a
minimum pttrity of 98% or were pnrified to that extent. The fatty
amines were supplied gratuitously by Dr. L. Armstrong of the
Armour Company and used without further purification.
The majority oi the compounds were prepared simply by warming
a molecular equivalent each of the amine and phenol in a mutual ~sol
vent such as methanol and allowing the prodnct to crystalliz~ or
, Presented before the Pesticide Seetion of the XIIth International Congress
of Pure and Applied Chemistry, Paper No. 18, September 12, 1951. A eon
siderable amount of the evaluation work represents a portion of a thesis sub
mitted by Mr. Skiles in partial fulfillment of the requirements for the Master of
Science degree in the Division of Graduate Instruetion, Butler University_
']. 1. Holcomb Research Laboratories, Indianapolis 8, Indiana.
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stripping the soh'ent if a liquid,

An alternative method was occa

sionally employed: aqueous solutions of the amine hydrochloride and
sodium phenatc were mixed, precipitatillg the amine phenate
metathetically.
Of the al11ir;e pulychlorophenates prepared the majority are white
crystalline solids although ~011le are heavy oils. They are freel)'
solulJle in most urganic soh'ents and relati\'ely insoluble in water.
Some, such as the pyridine. acridine and nicotine addition products
appear to be molecular complexes rcsembling hydrocarbon picrates
rather than true salts, These complexes. like the picrates, are
qui te stable.

FU:\GIClD.AL EVALUATIO:'\l
,-\11 compounds were screened initially against ,-4/tcl'7/ar,ia so/ant by
the modi fied spore-germination lllethod of Peterson (4). the results
of which were found to be repl"Oducible within an error of fi"e per
cent at a spore concentration 0 f 5 x 1O~ / 1111.
Results of the screening tests appear in Tables 1. 11. Ill. and fV,
limitations imposed by the genestatic
approach Lo laboratory assay of fungicides, the results are reliable,
Subsequent mildew-proofing tests employing the fungicides found
superior by the PeterSI)11 method support this view in part. The
reliability \vottld ob\'!on~ly be vitiated upon \'ariation of fungus
.species and chemical lype of fungicide.

,:1/ e bel iel'e. that considering the

It is apparent from the screening data that the fatty amine addition
prodllcts of the chlorinated phenols are quite sLlperior as fungicides
toward sporulating fungi, The highest range of activity lies between
ten and sisteen carbon atoms, The lower. molecular weight amine
salts in general appear to be equal or in fer ior to penlachlorophenol
alone, Drallching of the straight chain aliphatic amines reduces the
potency of the salt.
An explanation of the high order of activity of the fatty amine
salts of the substituted phenols may be found in the fatty amines
themselves, They were found to possess an exceptionally high anti
fungal activity which will comprise the subject of a future report to
be published elsewhere.
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I t is of passing interest to note that the majority of the amine
pentachlorophenates, on the basis of their infra-red patterns in the
hydrogen-bond region, show almost complete dissociation.
vVe find it rather difficult to account for the activity of the
aminopropionitrile salts since the aminopropionitriles possess no fun
gicidal activity whatever. Perhaps a synergistic action is involved.
Indeed, synergism is operative in a large number of the amine salts
when the proportional molecular weight contt-ibution of the phenolic
moity is considered .
EYALl'ATIO.'\ OF SELECTED COMPOuNDS AS :\lILDEW
PROTECTANTS FOR PAIl\'T
Uy modifying the method of \'icklund and his co-workers (3)
slightly it proved enti rely satis fanory for our purposes. The aggres
sive growth characteristics of the organisms u~cd. i.e., Aspergillus
lIig(,1·.. A spergi/lus or'Jlsar 458 and 692, and the simulated tropical en
\'ironment made it necessary to use a quantity of toxicant amounting
to two per ccnt based on the weight of lhe pa;nt. Less than this pro
portion allowed for little di f ferentiation in the amount of growth.

Our observations indicate the following order of ef fectiveness :
Copper-8-hydroxyqninolate > > n-Decylamine penta
chlorophenate > .n-Hexadecyl·amine pentaehlorophe
nate> "Cocoamine" pentachlorophenate > N-Dutyl-o
hydroxybenzyli11line, copper salt > b, b'-iminodipro
pionitrile pentachlorophenate > pentachlorophenol >
Di-beta-naphthol > bLlt.vla111inc pentachlorophenate.
The characteristic inhibitive properties of most copper compounds
appear to operate \'ery efficiently in paint with respect to phenolic
compounds. This is in agreement with the findings of VicklLlnd
\vho L1sed .(4 spcrgill i as test organisms (3).
E\'ALLAnON OF SELECTED COMPOC.'\OS fOR
MILDEW-PROOFING OF TEXTILES
In Table V are listed the results of mildew-proofing tests carried
out against Chaetomiwm globosu-11i according to Marsh and Great
house (2). The fabric strips were so treated so as to retain 1 ±
0.05 % of their weight of toxicant. The breaking strength represents
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an average of three strips. The results are in relatively good agree
ment with what could be expected from the screening data.

Fungicidal Activit),

SUIvli'."fARY
A group of amine polychlorophenates were prepared and
screened by Peterson's modified spore germination method against
A lterl1aria solani.
I.

2. The more promising of these adcli tion products were f mther
screened against other organisms and evaluated as mildew-protectants
for paint and textile.
3. The fatty amine pentachlorophenates were found to be very
ef fective mildew-proofing agents on the basis of limited tests.
4. Several miscellaneous copper and phenolic compounds were
prepared and screened.
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TABLE I
Fungicidal Activity of Amine Pentachlorophenates in Per Cent Germination
of Alternaria Solani Spores
Conr.entration in Weight Per Cent
1.0
0.1
0.01

Anline Sahs

o

Pentachlorophenol
Butylamine
1,1,3,3-Tetramethylbutylamine
Triethylamine
Decylamine
Hexadecylamine

o

104

o
o

I

17

o
o
o

8

o
o

90
93

2

B

Amine Salts

Octadecylamine
3,5,5-T rimethylhexyl
Isopropylamine
Ethylamine
Octylamine
Dodecylamine
Tetradecylamine
Morpholine
N -Methylmorpholine
Ethanolamine
Diethanolamine
Triethanolamine
Tetraethanolammonit
H examethylelletetran
Pyridine
Acridine
Nicotine
Triamylamine
Phenylhydrazine
Thialdine
p,p'-Irninodipropion

(.i-Dimethylaminopro~

13- rsopropylaminopro(
Di- (2-Ethylhexyl) an'
N -Methyl taurine

fungicidal Aetiv
Ge
Amine Sails

"Cocoamine"a Pentac
(From Coconut I
"Cocoamine" 2,6-Dic
"Cocoamine 2,4,6-Tri
"Cocoa mine" 2,4,5-TI
"Cocoamine" Tetrad
"Hosin Amine D"b F
"Sec.-Cocoamine"a I
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TABLE I-(Continlled)
Fungicidal Activity of Amine Pentachlorophenates in Per Cent Germination
of A7ternaria Solal~i Spores
Amine Salls
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ITED
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MANowITZ, BAGDON
meeting of the American Chemi
aint, Varnish and Plastics Chem: VICKLl':'ID,

enates in Per Cent Germination
i Spores
Concentration in \Veight Per Cent
1.0
0.1
0.01

o

o
o

1

17

o

8

o

o

o

o

2
3
0

Octadecylamine
3,5,5-T rimethy Ihexylaminc
Isopropylamine
Ethylamine
Octylamine
Dodecylamine
Tetradecy1amine
Morpholine
1\ -Metqylmorphol ine
Ethanolamine
Diethanolamine
Triethanolamine
Tetraethanolammonium
Hexamethylenetetramine (Mono)
Pyridine
Acridine
Nicotine
Triamylamine
Phenylhydrazine
Thialdine
{3, {3'-Iminodipropionitrile
fJ-Dimethylaminopropionitrile
f3 -Isop ropy lam ino prop ioni tr ile
Di-(2-Ethylhexyl )amine
N -Methyltallrine

0

10
18
2
0

15

GS

(I

()

0
0
0
0
3
0
7
0
0
13
2

0
0
0
0
54
14
53

90
93

2
8

89
90
2
13
89
90
92

16

80

71

6

0
6

22
19

2
0
0
0
30

?~

6

74

70
32

_:l

2
0
0
74
20

Tl\BLE II
!'lIngicidal Activity of Mixed Amine Polychlorophenates
Germination of Altenwria So/ani Spores

?\o. 12. 1108 (1941).

o

Concentration in \Veight Per Cent
0.01
0.1
1.0

8
5
17

III

Per Cent

Concentrat.ion in Weight Per Cent

Amine Salts

1.0

"Cocoamine"a Pentachlorophenate
(From Coconut Oil)
"Cocoamine" 2,6-Dichloro-4- N itrophenate
"Cocoamine 2,4,6-Trichlorophenate
"Cocoa mine" 2,4,5-T rich lorophenate
"Cocoaminc" Tetrachlorophenate
"Rosin Amine D"b Pentachlorophenate
'·Sec.-Cocoamine'" Pentachlorophenate

105

0.1

0.01

o

4

22

22
1
11
1

40
15
27

86

o

7
69

26

8

45
59

TABLE IT-(Continued)
Fungicidal Activity of Mixed A(Tline Polychlorophenales in Per Cent
Germination of A/tl'morio So/alii Spores
.-\mine Salts

Maximal Cor

l~equir

Concentration in \Veight Per Cenl
1.0
0.1
0.01
A.mine- Salt:

"Amine 2HT"a Penlachlorophenate
(Sec, C , ,; & C ,S Amines)
"A mine TO"a Pentachlorophenate
(Rosin & Fatty Amine Mixture)
"Alkylamine 81"c Pentachlorophenatc
Terl., Branched. Primary C L2 to C , )
., AIkyJamine JM"c Pentachlorophenate
(Tert.. Branched, Primary C ,8 Av,)

96

17

o

8')

o

45

o

o

31

._-----------

(a' . .-\'rmour & Company.
(ll) Hercules Powder Co.

Pentachlorophen
Decylalllille
Pentachloroph
Ethanolamine
Pentachloroph
"Cocoamine"
Pentachloroph
/3, ,s'-IminodiprOI
Penlachloroph

(e) Roh,.,. .'(, Haas Company,

TABLE II[
Fungicidal Activity of Some Miscellaneous Compounds
Germination of Aller/IOrio SoJol1i Spores
Compound

JlI

Per Cell!

The Efficacy

Concenlfalion in \Veight Per Cent
1.0
0,1
0.01
0.001
CompOIJJH]

Copper-8-Quinolinolate
3
Coppe~- N -Methyltauride
0
Copper-N -Methyltauro-pentachlorophenate 0
Copper-2-Mercapto-phenyJthiourea
0
Undecylenic Acid
0
m-Hydroxybenzotriiluoridc
0
,s-Naphthol
0
tl-Di-:\'aphthol
0
Hexachlorophene (G-ll)
0
N -Butyl-o-Hydroxybcnzolimine
93
Copper Salt
0
0- TydroxyphenylbenzothiazoJe,
Copper Salt
0
o-HydroxyphenylbenzothiazoJe
11
o-HydrozyphenylbenzoxazoJe
2
Copper Salt
0

]06

8
4
9
10
0
0
0
0
3
100
23
(l

15
97
-16
68

0
100
91
2-1

96

7

35

96

94

?
_J

30
63

24

100

P ell tach 10ropher
DecyJamine Per
HexadccylamiJlE
"Rosin Amine I
"Cocoaminc" p,
"Amine TO" F
,s'-lminodipro
Pentachlorc

,s,

ontinuetl)

TABLE IV

Polychlorophenates in Per Cent
ria So!alli Spores

Maximal Conccntration Ranges of Certain Aminc Pentachlorophenates
Required to Inhibit Germination of 50 Pcr Cent o[ Spores

Concentration in Weight Per Cent
1.0
0.1
0.01
_-\mine Sall~

17

96

o

8')

o

45

o

o

31

Aspergillus
niger

Pentachlorophenol
0.1-0.01
Decylamine
Pen tachlo ro phenate 0.01-0.001
Ethanolamine
Pentachlorophenate 0.1-0.01
"Cocoamine"
Pentac!Jlorophenate 0.01-0.001
/3, /3'- IminodipropionitriJe
Pentachlorophenate
0.1-0.01

II[

RhizopliS

nig.. ican~

0.1-0.01

O.-ganism
Glomerella
ClJlgl1~al<l

ScJerotinla Sleml'lhvlium
iruct.icoia sarcinetorme

O.OI-O.OOl

0.01-0.001

0.1-0.01

0.01-0.001

0.01-0.001

0.01-0.001

0.01-0.001
0.01-0.001
0.01-0001

T.'\BLE V

anC0115 Compounds
ria So!alli Spores

111

Per Cent

The E {ficacy of Selected Amine Pentachlorophenates :1S Textile M iJdew
Proofing .\g·ainst C!I(1.<'IOIlO/ll;1I111 .qlolJoslIm

---Concent.ration in \Veighl Per Cent
1.0

0.1

0.01

Per Cent
Residual

0.001

Compound

3
0
0
0
0
0
0
Ii
0
93
0
0
11
2
0

8
4

9
10
0
0
0
0
3
100
23

15
97

2.:1

~6

68
0
100
91

96

2.:/

7

Strength

35

Pentachloropbenol
Decylamine Pentachlorophcnate
Hexadecylamine Pentacblorophenate
"Rosin Amine 0" Pentachlorophenate
"Cocoamine" Pentachlorophenate
"Amine TO" Pent:1ch!orophenate
/3. /3'- Iminodipropionitrile
Pentachlorophenate

90
93
91

(\

94

25
30
63

100

87

30
76
51
.15
S4
30

9S

30

86
83

96

107

Per Cent Residual
Strength Aft<r 24
Honrs Leach at 30· C

